This study of patients under investigation for lung cancer (LC) aims to: 1) examine the prevalence of self-reported taste and smell alterations (TSAs) and their relationships with demographic and clinical characteristics; and 2) explore nutritional importance of TSAs by examining their associations with patient-reported weight loss, symptoms interfering with food intake, and changes in food intake. Methods. Patients were recruited consecutively during investigation for LC from one university hospital in Sweden. Patient-reported information on TSAs, demographics, six-month weight history, symptoms interfering with food intake, and changes in food intake was obtained. Relationships between TSAs and other variables were examined using twotailed signifi cance tests. In addition, putative explanatory factors for weight loss were explored in those patients diagnosed with LC, since a relationship between TSAs and weight loss was found in this group. Results. The fi nal sample consisted of 215 patients, of which 117 were diagnosed with primary LC within four months of study inclusion and 98 did not receive a cancer diagnosis. The 38% prevalence of TSAs was identical in both groups, and were generally reported as mild and not interfering with food intake. However, a statistically signifi cant relationship between TSAs and weight loss was found among patients with LC, with a median weight change of Ϫ 5.5% and a higher frequency of weight loss Ն 10%. Patients with LC and weight loss Ն 10%, had higher frequency of reporting TSAs, of decreased food intake and of Ն 1 symptom interfering with food intake compared with those with less weight loss. Conclusion. TSAs, although relatively mild, were present in 38% of patients with and without LC. Relationships between TSAs and weight loss were found among patients with LC, but not fully explained by decreased food intake. This highlights the complexity of cancer-related weight loss.
Research on TSAs in patients prior to treatment for cancer is scarce. Several older studies have investigated taste alterations in patients prior to treatment for various cancers, measuring taste sensitivity with clinical tests [12 -14] . This methodology gives a fi xed measure of patients ' taste sensitivity which can be compared to a control. Clinical assessment of smell sensitivity prior to cancer treatment has been used by Ovesen et al. [15] who found abnormal smell thresholds in patients with cancer. However, patients ' perceptions of TSAs are not captured by clinical assessment methods, but are better assessed by selfreport questionnaires. While two studies report prevalence of self-reported TSAs of approximately 25% in patients prior to treatment for various types of cancer [16, 17] , to our knowledge no previous study has investigated relationships between self-reported TSAs, weight loss, and changes in food intake in patients prior to cancer treatment.
In this study, we use a symptom-specifi c selfreport questionnaire to identify the presence of TSAs in a population of patients under investigation for LC, to: 1) examine the prevalence of TSAs and the relationships between TSAs, demographics, oral problems, smoking and clinical characteristics; and 2) explore the nutritional importance of TSAs by examining their associations with patient-reported weight loss, symptoms interfering with food intake, and changes in food intake.
Patients and methods
Data presented here derive from the longitudinal " Taste and Smell Project " , in which patients with suspected LC or diagnosed gastrointestinal cancer were recruited and fi rst interviewed close to the time of diagnosis, i.e. prior to treatment, with approval from the regional ethical review board (for further information on the Taste and Smell Project see [18] ). This article is based on data from the fi rst baseline interview with patients with suspected LC.
Recruitment and study procedure
Patients were recruited consecutively from January 2011 to July 2012 from the pulmonary medicine department of a university hospital in Sweden. Eligible patients were Ն 18 years, Swedish-speaking and under investigation for suspected LC. Exclusion criteria were cognitive impairments, previous head-neck cancer diagnosis, and not residing in Stockholm county. Eligible patients were asked by a clinic nurse if they were interested in receiving further information about the study. Those interested received telephone information from one of four research interviewers. Patients agreeing to participate gave written informed consent prior to interview. The structured face-to-face interviews were based on four questionnaires. The interviewer read each question to the patient and documented the verbal responses. Additional information was retrospectively obtained from medical records.
An overview of the recruitment and selection process is presented in Figure 1 . A total of 255 patients under investigation for LC were interviewed for the Taste and Smell Project. Before analysis for the study presented here, data from 40 patients were excluded for the following reasons: other cancer diagnoses than primary LC (n ϭ 29), having received anticancer treatment during the six months preceding the study (n ϭ 4) or other reasons, e.g. major co-morbidity or cognitive impairments that became evident during interview (n ϭ 7).
Data collection instruments
Data on TSAs was collected by the Taste and Smell Survey (TSS), an instrument initially developed by Heald et al. [19] for use with HIV-infected patients. The TSS has also been used by a Canadian research group to investigate self-reported TSAs in patients with cancer [9, 20] and has been translated into Swedish [18] . The TSS consists of 16 questions in which patients reported any alterations in taste or smell that had presented since initiation of the diagnostic process for lung disease. This results in a chemosensory complaint score ranging from 0 to 16 [19] .
Nutritional information was acquired using the Swedish version of the scored Patient-Generated Subjective Global Assessment (PG-SGA) [21] , an instrument for assessing nutritional status in patients with cancer in research and clinical settings [22] . The PG-SGA items used here are body weight at time of interview and six months earlier, level of food intake the previous month as compared to normal (unchanged, more than usual or less than usual) and a checklist of 13 symptoms that may have kept the patient from eating enough during the past two weeks. Two of these symptoms concern TSAs ( " things taste funny or have no taste " and " smells bother me " ).
Data on the presence and nature of oral problems, smoking status, and demographic data was obtained from additional study-specifi c questions.
Disease stage was determined by medical records and defi ned as stage I -II, stage IIIA, stage IIIB and stage IV. Early disease stage was defi ned as I -IIIA and advanced disease stage as IIIB -IV. The distinction between stage IIIA and IIIB was made based on the regional treatment guidelines as a patient with a stage IIIA tumor could be considered for surgery, whereas locally advanced tumors (stage IIIB) are generally considered non-resectable [23] .
Data analysis
Patients were considered to report TSAs when indicating changes in taste or smell in one or more of the six questions in the TSS targeting altered perception of taste or smell in general, in relation to foods as well as the intensity of basic tastes (salt, sweet, sour, bitter) and smell. Percent weight change was calculated as the difference between weight six months earlier and at interview, using patients ' self-reports. Degree of weight loss was categorized into: 1) weight increased, stable or loss Ͻ 5%; 2) weight loss Ն 5% to Ͻ 10%; or 3) weight loss Ն 10%. These cut-offs were chosen based on previous research on malnutrition screening and assessment instruments [22, 24] .
Changes in food intake were dichotomized into having eaten " less than usual " versus having eaten " as usual or more " . Symptoms interfering with food intake were dichotomized into " no symptoms " and " Ն 1 symptom " on the PG-SGA. Smoking status was categorized into smokers, former smokers (quit Ͼ 1 year ago) and never smokers (includes occasional smoking), in line with categories in the Swedish National Lung Cancer Registry [25] .
Patients were divided into four groups based on presence versus absence of TSAs and LC diagnosis. Tests for statistically signifi cant differences between groups were performed between: 1) patients with LC reporting TSAs versus those with no TSAs; 2) patients without LC reporting TSAs versus those with no TSAs; and 3) patients reporting TSAs with LC versus those without LC. Since TSAs were found to associate with six-month weight loss among patients with LC, this relationship was further investigated only in patients with LC.
Descriptive statistics were used to describe the frequencies of categorical variables and the distributions of continuous variables. Statistical group comparisons were performed using χ 2 -test or Fisher ' s exact test for proportions and Mann-Whitney U-test, Kruskall-Wallis test or t-test for continuous or ordinal variables. All tests were two-tailed and a priori alpha was 0.05. Bonferroni-corrections were used when multiple ( Ն 3) tests were performed on the same outcome.
Results

Demographics
As shown in Figure 1 , data from 215 patients under investigation for LC was included for analysis. Of these, 117 patients (54%) received a primary LC diagnosis within four months after study inclusion. Ninety-eight patients (46%) had not been diagnosed with any cancer form at least six months after study inclusion.
Demographic data and clinical characteristics of included patients are shown in Table I . No statistically signifi cant differences in age, gender, or education were found between patients with or without primary LC. Statistically signifi cant differences were found for smoking status, as patients diagnosed with LC more frequently reported being smokers or former smokers than did patients without LC.
Prevalence of TSAs (Aim 1)
Prevalence of TSAs was identical, 38%, in the patient groups with LC and without LC. No statistically signifi cant differences were found among patients with or without TSAs regarding age or gender (data not shown). The TSS scores were generally low (median ϭ 1 in full sample) and ranged from 0 to 12 and 0 to 14 among patients with LC and without cancer, respectively.
As shown in Table II , no statistically signifi cant differences were found among the four patient groups based on diagnosis of LC and presence of TSAs with regard to age, gender or smoking status. In patients with LC, the distribution of disease stage and tumor type was similar between patients with and without TSAs. Oral problems were statistically signifi cantly more frequently reported by patients without LC and TSAs (NLC-TSA group), compared to patients with LC reporting TSAs (LC-TSA group), and to patients without LC not reporting TSAs (NLC-NoTSA group). Among those reporting oral problems across all groups, the most common were dry mouth (59%), blisters (11%) and multiple problems (16%).
TSAs, weight loss, changes in food intake, and symptoms interfering with food intake (Aim 2)
Table III presents data on weight change, degree of weight loss, changes in food intake and symptoms interfering with food intake. Statistically signifi cant relationships between TSAs and weight loss were seen among the LC-TSA group, with a lower median weight change ( Ϫ 5.5%) and a higher frequency of reported weight loss Ն 10% compared to both the LC-NoTSA group and the NLC-TSA group.
Eating less than usual during the previous month and having Ն 1 symptom interfering with food intake tended to be more frequently reported among all patients with TSAs, although these differences were statistically signifi cant only among patients with LC. The PG-SGA item " things taste funny or have no taste " was marked as having caused insuffi cient food intake by eight patients, all with TSAs, and only one without a LC diagnosis. Two of these patients also indicated that food intake was hindered by " smells bother(ing) me " (data not shown). " Taste funny/no taste " was in each of these eight cases reported in conjunction with at least one other symptom on the same checklist, the most frequent being no appetite (n ϭ 7), early satiety (n ϭ 6) and nausea (n ϭ 4). The relationship between putative explanatory factors, including TSAs, and six-month weight loss among patients with LC was further explored in Table IV , where patients are grouped by degree of weight loss. Most LC patients (70%) reported " weight increased, stable or loss Ͻ 5% " , while 18% reported weight loss Ն 10%. Statistically signifi cant differences for proportions of patients in the three different weight loss categories were found: 1) between patients reporting less food intake and those eating as usual or more; 2) between those with Ն 1 symptom and those without symptoms; 3) between patients with TSAs and those without TSAs.
Discussion
In this observational, cross-sectional study based on patient-reported outcomes, the 38% prevalence of self-reported TSAs did not differ between patients with LC prior to treatment and those not diagnosed with LC. The TSAs were generally mild as evidenced by low scores on the TSS. Patients with and without LC differed in that a statistically signifi cant relationship between TSAs and self-reported weight loss was found among patients with LC, but not among patients without LC.
The prevalence of TSAs in our study was higher than that found by previous research using selfreport data to identify TSAs in patients prior to cancer treatment [16, 17] . One explanation for this may be our use of a symptom-specifi c questionnaire rather than a single global question, although the TSS has not previously been used in a population of patients under investigation for cancer. People with as mild TSAs as reported here might not designate this as a general " taste change " which a global question would imply, which indicates the TSS is a sensitive instrument for detecting TSAs; the lack of available comparison with a similar population means that we are unable to determine if the TSS is overly sensitive and thereby may lack discrimination. Our fi nding that the prevalence of TSAs reported by patients with and without LC did not differ may suggest that TSAs are not cancerspecifi c problems. One underlying reason for TSAs among patients without LC might be oral problems, as these were more frequently reported in combination with TSAs in this patient group. Previous studies of clinically measured taste thresholds TSAs on the TSS. However, in the eight cases where TSAs were reported to have infl uenced food intake, this was in conjunction with other symptoms strongly associated with eating problems, i.e. loss of appetite, nausea and early satiety (see also [7] ). In previous research in patients with cancer, these symptoms have been found to co-exist with taste change and weight loss in symptom clusters, which are groups of symptoms often experienced simultaneously [11, 27] . Loss of appetite, nausea, early satiety, TSAs and weight loss seem to be closely interrelated and it might not be possible to distinguish one of these as the principal symptom driving the process of weight loss. Systemic infl ammation has also been recognized as an important factor for the catabolic processes involved in cancer cachexia [7] , and could provide important information about the mechanisms behind the association between weight loss and symptoms. Future studies could benefi t from including a measure of systemic infl ammation to evaluate this connection. However, it is interesting to note that in our material, many patients did not explicitly make a connection between eating problems, TSAs and weight loss. It could be that food-related problems develop gradually and that it is only when these symptoms severely affect daily life that they are perceived as a problem and articulated by the patient. The different time in patients with cancer have found altered taste sensitivity in controls with benign diseases [12, 13] . Although the clinical testing of taste sensitivity is a different methodology from that used here, our results add to the evidence that TSAs may be related to other pathological processes than cancer.
A suggestive fi nding of our study, worthy of further research, is that self-reported TSAs were related to weight loss in patients prior to LC treatment. Ovesen et al. [26] also links TSAs to weight loss in their study of clinically measured taste sensitivity. They found no differences in taste sensitivity between newly diagnosed patients with small-cell LC or matched controls with non-malignant diseases. However, patients in both groups who reported weight loss showed abnormal sensitivity for bitter taste.
One question arising from our results, as well as those of Ovesen et al., is whether a causal relationship exists between TSAs and weight loss. Previous research on patients with cancer enrolled in palliative care suggests that TSAs could lead to weight loss by interfering with food intake [9] . In our study on patients prior to treatment, the majority of our sample did not perceive TSAs to interfere with food intake, as instrumentalized by the items " taste funny/ no taste " and " smells bother me " on the PG-SGA symptom checklist. Eight patients had marked these items in the PG-SGA, and all had also reported frames for self-reports should also be kept in mind; weight loss (six months), food intake (one month) and symptoms (two weeks). For example, almost half the patients reporting eating less than usual or Ն 1 symptom interfering with food intake did not report weight loss Ն 5%. This might refl ect that changes in food intake were relatively recent, and had not yet affected weight. However, close to half of patients categorized as having lost most weight, did not report eating problems. This may suggest that patients had already adapted to a decrease in food intake which occurred earlier in the six-month interval, and had resulted in weight loss. It is also important to recognize that all patients in our study were under investigation for possible LC, and therefore even those without a LC diagnosis should not be considered a healthy control. It should also be emphasized that this uncertain phase, undergoing investigation for a lethal disease might be stressful, and may affect aspects of daily life, i.e. appetite and eating habits. Compared with the general LC population in Sweden [25] , our sample had a larger proportion of women diagnosed with LC (54%), more patients diagnosed in early stages I -IIIA (50% vs. 28.5%), and fewer patients in stage IIIB (6% vs. 22.3%), although the proportion of patients in stage IV refl ects the general LC population. This may mean that these patients are less burdened by their disease, and had more energy for study participation. This selection of a " healthier " LC group should be considered when interpreting the results.
In the longitudinal Taste and Smell-project from which these data derive, patients were interviewed rather than given the questionnaires to complete on their own. As interviews involve interaction between interviewer and patient, this strategy may have infl uenced answers [28] , e.g. if patients made efforts to provide socially acceptable responses. However, this interaction also may have positive aspects as establishing a relationship with the patients could have prevented attrition of this vulnerable patient group from the longitudinal study. The face-to-face interviews also provided opportunities to clarify questions when needed and for follow-up when patients gave ambiguous responses.
Conclusion
This study contributes new data showing that TSAs, albeit often relatively mild, are present in a substantive proportion of patients under investigation for LC. TSAs were as frequently reported among patients not diagnosed with LC as among those who received a diagnosis of primary LC. However, an association between weight loss and TSAs was only seen in patients with LC. This relationship could not be fully explained by decreased food intake as a consequence of symptoms interfering with nutritional intake, which highlights the complexity of cancerrelated weight loss and the need for further research on this topic.
